The Effect of Blade-section Thickness Ratios on the Aerodynamic Characteristics of Related Full-scale Propellers at Mach Numbers up to 0.65 by Steinberg, Seymour & Maynard, Julian D
\ , 
c 
NACA 
RESEARCH · MEMORANDUM 
THE EFFECT OF BLADE -SECTION TEICKNESS RATIOS 
ON THE AERODYNA1V'IIC CHARACTERISTICS 
OF RELATED FULL-SCALE .?ROPELLERS 
AT MACH NUMBERS UP TO 0.65 
Julian D. Maynard and Seymour Steinberg 
Langley Aeronautical Laboratory 
Langley Air Force Base, Va. 
CLASSIFLED D:lCUMENT V 
ThIs docwnenl contaIns cla •• Uled Wormallon ~ '" 
alfectlng the National Defense of the United ~ ~ ~ ~ ~ 
States within the meaning of the Espionage Act, ~ 
USC 50:31 aM 32. Its transmission or the ~ 
revelation of Its contents in IlnY manner to an" ~ 
WUluthorlzed person Is prohibited by law. ~ 
Information 90 classUlPd may be Imparted 
only to persons in the military and naval 
services of the United States, appropriate ~ 
ctV1l1an offIcers and employees of the FederlJ 
Govenunent who have a legItlmate interest 
therein, and to UnJted Slates cHt7..en8 of known 
loyalty and discretion who of necesslly must be 
Wormed thereof. 
NATIONAL ADVISORY' COMMITTEE 
FOR AERONAUTICS 
WASHINGTON 
Jun~ 6, ... 949 
JUN 13 1949 
https://ntrs.nasa.gov/search.jsp?R=19930085951 2020-06-17T16:19:01+00:00Z

ClassitlcCl or- Chan!'" d to 
ClASSfFIED 
_ ..... """'~ lIt  1frVJ 
NACA RM L9D29 , l.'t, 1<; . ~ I ~ I.)" 
-. I~~~t~ \... f· ~ . ~~ 
NATIONAL ADVISORY COMMITTEE FO~ AERONAUTICS A.~ 
RESEARCH MEMORANDUM 
THE EFFECT OF BLADE-SECTION THICKNESS RATIOS 
ON THE AERODYNAMIC CHARACTERISTICS 
OF RELATED FULL-SCALE PROPELLERS 
AT MACH NUMBERS UP TO 0.65 
By Julian D. Maynard and Seymour Steinberg 
SUMMARY 
The results of an investigation of two full-scale NACA propellers 
are presented for a range of blade angles from 200 to 550 at airspeeds up 
to 500 miles per hour. These results are compared with the results from 
previous investigations of five related NACA propellers to evaluate the 
effects of blada-eection thickness ratios on propeller aerodynamic 
characteristics. 
The envelope efficiencies of all the NACA propellers are high at the 
lower rotational speeds at which the adverse effects of compressibility 
are small. The highest efficiencies, about 93 percent at a helicaL-tip 
Mach number of 0.9 and 84 percent at a helicaL-tip Mach number of 1.1, 
reflect the importance of using thin, efficient airfoil sections through-
out the blade. For propeller operation at constant rotational speed and 
power at helical-tip Mach numbers below 0.8 a reduction in blada-eection 
thickness from l2 to 8 percent at the 0.7 radius, or approximately one-third 
all along the radius, results in gains in propeller efficiency up to 
10 percent. 
The maximum efficiency of a propeller operating at a helicaL-tip Mach 
number of 1.1 and air-stream Mach number o~ 0.625 may be increased approxi-
mately" 20 percent by reducing the blade-eection thiclmess from 12 to 5 per-
cent at the 0.7 radius. At this same condition of operation for propellers 
having blade-eection thiclmesses between l2 and 8 percent at the 0.7 radius 
the maximum efficiency increases approximately" 3 percent for each decrease 
in thickness of 1 percent at the 0.7 radius. For blade-eection thiclmesses 
between 8 and 5 percent at the 0.7 radius the rate of increase in propeller 
efficiency with reductions in blade-eection thiclmess is smaller, but 
further reductions in thickness may still improve the maximum efficiency 
of propellers operating at high forward speeds with helical-tip Mach numbers 
as high as 1.1. , 
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INTRODUCTION 
A general investigation of the aerodynamic characteristics of a series 
of full-scale 10-foot-diameter propellers at airspeeds up to 500 miles per 
hour bas been made in the Langley l~foot hig~peed tunnel. The purpose 
of this general investigation was to determine the combined influence of 
propeller-design parameters and air compressibility upon propeller perform-
ance. The blade designs em.body variations in shank form, blade airfoil 
section, design lift coefficient or camber, blade width, and blade thick-
ness ratio . Most of t he blades have the high-critical-epeed NACA 16-series 
airfoil sections (re!"erence 1) and have been designed neglecting compressi-
bility effects for a minimum induce~nergy loss when operating as four-
blade prop&llers at an advance ratio of 2 .1 and a blade angle of 450 at 
the 0.7 radius. 
The primary effects of blade-section camber on propeller performance 
have been presented in reference 2, and the data showing the characteristics 
of other related propellers in the series bave been presented in references 3 
t o 9. This paper presents the aerodynamic characteristics of two propellers 
and extends the investigation of related prop~llers to include those having 
thickness ratios as low as 0.05 at the 0.7 radius. The purpose of the paper 
i s to make a comparison of the performance data for these two propellers 
with the data contained in references 3, 5, 7, and 8 to afford an evaluation 
of the effects of blade-section thickness ratio on propeller aerodynamic 
characteristics . 
The thickness ratio of propeller blade sections is of increasing 
importance in the design of propellers for high speeds because of the compro-
mise which must be made between structural requirements and the requirements 
for t hin high-critical-speed sections necessary to avoid excessive compressi-
bi lit y losses. Compressibility effects have long been known to cause radical 
cbanges in the characteristics of the sections along a propeller blade, and 
a lack of suitable airfoil section characteristics at the present time has 
made it necessary to evaluate by propeller tests the effect of blade-section 
thi ckness r atios upon propeller performance. 
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SYMBOLS 
number of blades 
blade width, feet 
proneller power coefficient ( p \ 
pn3n5) 
propeller thrust coefficient ( T ) 
pn2D4 
NACA RM L9J)29 3 
c2d blade-eection design lift coefficient 
D propeller diameter, feet 
h blade-eection maximum thickness, feet 
J propeller advance ratio ( ~) 
M air~tream Mach number 
n propeller rotational speed, rps 
P power absorbed by propeller, foot-pounds per second 
T propeller thrust, pounds 
v airspeed, feet per second 
x fraction of propelle~tip radius 
blade angle at 8IJY radius, degrees 
blade angle at 0.75 tip radius, degrees 
propeller efficiency (J.CCTp ) 
~i induced efficiency 
p mass density of air, slugs per cubic foot 
Bolidi ty (BPn/ ~ 
APPARATUS 
Propeller dynamameter.- Photographs of the 2000-horsepower dynamometer 
are shown in figures 1 and 2, and a diagram showing the important dimensions 
of the propeller dynamometer and its location with respect to the 
L __ ~ __ ~ 
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Langley 16-foot-tunnel test section is shown in figure 3. A detai led 
description of all the test apparatus and the methods of measuring thrust 
and tor~ue are presented i n reference 3. The fairing profile was calcu-
lated f rom a distribution of sources and sinks to produce a body of r evo-
lution with uniform axial velocity in the plane of the propeller. This 
axial-velocity distribution has been checked experimentally and found to 
be uniform within 1 percent. The gap between the propeller blade and the 
spinner surface a t the propeller blade--spinner juncture is very small 
(fig . 1 ) but is not sealed. 
Propeller blades .- The two propellers f or which data are presented in 
this paper are the NACA 10-(3) (062)-045A and NACA 10-(3)(05)-045 . The 
NACA design numbers are descriptive of the shape, size, and aerodynamic 
characteristics of the blades used in this investigation. The digits of 
the first group of numbers represent the propeller diameter in feet, and 
the remaining digits indicate the design lift coefficient, thickness ratio, 
and solidity per blade at the 0 .7 radius. The following table shows the 
blade design numbers of t he various propellers discussed in this paper, and 
also shows the significance of the groups of digits in the number 
designation: 
NACA design number cld at 0.7R hlb at 0.7R rJjB at 0.7R 
10-(3) (08)-03 0 0 3 0.08 0.03 
10-( 3) (08)-03R 
·3 .08 .03 
10-(3) (12)-03 
·3 .12 . 03 
10-( 3) (05 )-045 .3 .05 .045 
10-(3)(062)-045 
.3 .062 .045 
10-(3) (062)-045A .3 .062 .045 
10-(3)(08) - 045 .3 .08 .045 
The suffix R indicates a blade having conventional ropnd shank sections, 
and the suffix A indicates a blade with modified shank sections. The 
NACA 16-ser ies blade sections were used for all the propellers listed in 
the table , and with the exception of the NACA 10-(3) (08)-03R blade, wide 
airfoil sections extend to the spinner. The spinner has a diameter 
21.7 percent of the diameter of a 10-foot propeller. 
Figure 4 shows the blad&-form curves for the NACA propellers having a 
solidity of 0.03 per blade at the 0.7 radius, and figure 5 shows a compar-
ison of the blade sections at two radii for the same group of propellers. 
The blade designs are closely related, but two of t he propellers of this 
groul! differ not only in thickness but also in distribution of se·ction 
design lift coefficient, blade width, and pitch distribution. These dif-
ferences between the NACA 10-(3)(08)~3 and NACA 10-(3) (oB)-03R blades are 
the result of an effort to maintain the minimum induced-energy- loss loading 
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as far inboard as possible on the round-ahank blade . The NACA 10-(3) (12)--03 
blade has the same radial distributi on of blade-aection design lift coef-
ficient, the same blade width, and approximately the same pitch distribution 
as the NACA 10-(3)(08)--03 blade, but its thickness is greater at all radii. 
Figure 6 shows the blade-form. curves and figure 7 shows the section 
comparisons for the group of propellers having a solidity of 0.045 per blade 
at the 0.7 radius. The propellers of this group have the same radial 
distribution of blade-aection design lift coefficient, the same blade width, 
and approximately the same pitch distribution. The NACA 10-(3)(062)-045 
design has the thickest shank sections of this group, although its outboard 
sections are considerably thinner than those of the NACA 10-(3)(08)-045 
design. The NACA 10-(3) (062)--045A design was made by simply thinning the 
shank sections of the NACA 10-(3)(062)-045 blade until they had the same 
thickness as the NACA 10-(3)(08)-045 design at the spinner; the thickness 
of the sections between the spinner and the 0.7 radius was obtained by a 
faired line between these two radii. The NACA 10-(3)(05)-045 design was 
made by thinning the sections of the NACA 10-(3)(062)-045 blade until the 
sections at the spinner and tip had the same thickness as the 
NACA 10-(3) (062)-045A blade, but the sections between these two radii were 
made thinner. 
TESTS AND REDUCTION OF DATA 
Thrust, tor~ue, and rotational speed were measured during t ests at 
fixed blade angles of 200 , 250 , 300, 350, 400 , 450, 500 , and 550 at the 
thre~uarter (45-in.) radius. A constant rotational speed was used for 
most of the tests, and a range of advance ratio was covered by changing 
t he tunnel airspeed, which could be varied from about 60 to 500 miles per 
hour. The range of blade angles covered 'at the various rotational speeds 
used in the tests of the NACA 10-(3) (062)-045A and NACA 10-(3)(05)-045 
propellers is shown in table I. Similar information, together wi t h figure 
numbers, is also shown in table I for the other propellers as taken fram 
references 3, 5, 7, and 8. At the higher blade angles, the complete range 
of advance ratio could not be covered at the higher rotational speeds 
because of power limitations. In order to ' obtain propeller characteristics 
at maximum tunnel airspeeds, a blade angle (450 ) was chosen for which the 
peak-efficiency operating condition coul d be attained when the tunnel air-
speed was at or near the maximum and the dynamometer was operating at its 
maximum power and rotational speed. For these tests at a blade angle of 450 , 
the rotational speed was varied t o obtain data from the peak-efficiency 
condition to the zero-tor~ue operating condition. 
The test data have been corrected f or tunnel-wall interference and 
for forces acting on the spinner by the methods described in reference 3 
and are presented in the form of the usual thrust and power coefficients 
and propeller efficiency. Propeller thrust, as used herein, is defined as 
NF.IDENTIAL 
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the shaft tension caused by the spinner-to-tip part of the blade rotating 
in the air stream. Tests were fre~uently repeated during the test program, 
and, for purposes of comparison, the data are considered accurate to 
within 1 percent and the faired envelopes are believed to be accurate to 
within much closer limits. 
RESULTS AND DISCUSSION 
Faired curves of thrust coefficient, power coefficient, and propeller 
efficiency plotted against advance ratio are presented in figures 8 to 16 
for the two-blade NACA 10-(3) (062)-D45A propeller and in figures 17 to 25 
for the tw<>-blade NACA 10-(3) (05)-D45 propeller. Test points are shown on 
the figures giving thrust and power coefficients. The variation of a~ 
stream Mach number and helical-tip Mach number with advance ratio is shown 
in the figures giving propeller efficiency. 
Effect of blade-aection thickness ratio on envelope efficiency.-
Figure 26 presents a camparison of the envelope efficiencies of 
NACA propellers 10-(3)(08)-03, 10-(3)(08)-03R, and 10-(3)(12)-03 (refe~ 
ences 3, 5, and 8) at the various rotational speeds. The thinnest blade 
of this group (NACA 10-(3)(08)-03) maintains an envelope efficiency of over 
0.90 throughout the range of advance ratio of the tests at rotational 
speeds of 1140, 1350, and 1600 rpm. At these rotational speeds and at 
the design value of advance ratio (2.1) the NACA 10-(3)(08)-03 propeller 
is fram 2 to 3 percent more afficient than the roun~hank propeller 
(NACA 10-(3) (o8)-03R) and fram 11 to ~ percent more efficient than the 
2 2 
NACA 10-(3)(12)-03 propeller. At the higher rotational speeds (2000 and 
2160 rpm) the envelope efficiencies of all three propellers are reduced. 
The propeller with the thinnest blade sections su~fers the least reduction 
in envelope efficiency, and the propeller with the thickest outboard blade 
sections suffers the greatest loss in envelope efficiency. At 2160 rpm 
and an advance ratio of 0.90 the envelope efficiencies of the 
NACA 10-(3 ) (08)-03R and NACA 10-(3) (12)-03 propellers are loWer by 4 and 
12 percent, respectively, than the envelope efficiency of the 
NACA 10-(3) (08)-03 propeller. Thes-e differences in envelope efficiency 
at the higher rotational speeds may be explained by campressibility 
effects which generally lower the lift-drag ratios of thick blade sections 
at high section Mach numbers. 
In figure 26(b) the envelope efficiencies of the NACA propellers in 
the 0.03-eolidity group are campared with the induced, or optimum, 
efficiency of a tw~lade propeller with the Betz minimum induced-energy-
loss loading . This curve of optimum efficiency was calculated by a method 
neglecting all profile-drag losses (reference 10) for a two-blade pro-
peller operating at the same values of power coefficient as were obtained 
with the NACA 10-(3)(08)-03 propeller. Although the power coefficients 
for maximum efficiency are slightly different for the three propellers in 
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this group, the values of induced effic iency may be considered accurate to 
within about 1 percent for all three propellers. At the design value of 
advance r~tio (2.1) the induced losses amount to about 4 percent, and the 
profile-dr~g losses amount to 3 percent for the NACA 10-(3)(08)-03 
propeller. At this same design value of advance ratio the profile-drag 
10ss8s of the NACA 10-(3) ( o8)-OJR and NACA 10-(3)(12)-03 propellers are 
about twice as great as those of the propeller having the thinner blade 
sections. The higher efficiency of the NACA 10-(3) (08)-03 propeller 
reflects the importance of using thin, efficient airfoil sections through-
out the blade. 
A comparison of the envelope efficiencies of the NACA propellers in 
the 0 .045-s01idity group is shown in figure 27 for various rotational speeds. 
Again the thinnest blade (NACA 10-(3)(05)-045) of the group has t he highest 
effiCiency, and the envelope efficiencies of all the propellers are reduced 
at the higher rotational speeds. There are only small differences in the 
envelope efficiencies of the NACA 10-(3)(05)-045 and NACA 10-(3) (062)-045A 
propellers, although the blade sections of the latter propeller are thicker 
at all radii except at the shank and a t the tip. The fact that the thinner 
blade sections of the NACA 10-(3)(05)-045 propeller do not improve its 
effic iency much above that of the NACA 10-(3) (062)-045A propeller may 
possibly be explained by only slight improvements in the lift-drag ratios 
of the thinner blade sections~ Figure 14 of reference 11 shows that there 
is little difference in the lift-drag ratios of 6- and 9-percent-thick 
sections (16-3xx airfoils ) at l i ft coefficients up to 0.4. Since a large 
portion of the radial load is perhaps carried by the blade sections of the 
thinner NACA propellers having a thickness of 9 percent or less, a reduction 
in thickness from 6.2 to 5 percent at the 0.7 radius might be expected t o 
cause only small changes in the propeller efficiency. This is perhaps true 
for the conditions of operation under which the tests were made; however, 
it should be point ed out that the differences in efficiency between the two 
propellers may be greater at air-etream Mach numbers higher than those used 
i n these tests. If higher air-etream Mach numbers and lower rotational 
speeds had beeD used to attain the helical-tip Mach numbers shown in the 
figures, then greater portions of the blades would b~ subjected to the 
effects of compressibility. Since the airfoil data in reference 11 show 
that, in general, the thinner sections have the higher lift-drag ratios at 
the higher Mach numbers, then a reasonabl~ assumption would be that the 
propeller having the thinner blade sections along the radius should have 
less effic iency losses due to compressibility. The envelope efficiencies 
of the NACA 10-(3)( 062)-045 and NACA 10-(3)(08)-045 propellers, which had 
the thickest blade secti·o~, are from ~ to 4 percent lower than the env&-
lope efficiencies of the thinnest propeller in the O.045-eolidity group. 
The optimum, or induced, efficiency has been calculated using the 
same values of power coefficients as were obtained for each of the NACA 
propellers in the 0004~olidity group, and the curve showing induced 
efficiency in figure 27(b) may be considered accurate to within about 
1 percent for all four propellers. At the design value of advance 
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rat i o (2.1) the curves in figure 27(b) show that the induced losses amount 
to about 5 percent, and the profile-dra g los ses amount to only 2 percent 
for the NACA propeller having the t hinnest blade sections. The 
NACA 10-(3)(08)-045 propeller, which has the thickest outboard blade 
sect ions in this group, suffers the grea test profile-drag loss (about 
4 percent) . 
The envelope efficiencies of all t he NACA propellers in both solidity 
groups are ~uite high, and the differ ences in efficiency between the various 
propellers of each group are small and difficult to analyze for same condi-
tions of operation. Where the differences in efficiency are small the 
relative differences in thrust and power coefficients are also small, and 
it is difficult to draw any general conclusion as to whether a loss in 
efficiency is caused by a l oss of thrust, or an increase of power, or both. 
Effect of thickness ratio on constant-power propeller operation.-
Airplane propellers often operate over an extensive range of advance ratio 
at constant rotational speed and tor~ue. Since blade-aection thickness 
ratio affects the powe~bsorption ~ualities of a propeller to same extent, 
the data for the NACA propellers have been compared in figure 28 for 
operat ion at a constant power coefficient of 0.15 and a rotational speed 
of 1140 rpm. This condition of operation may be considered representative 
for two-blade, 10-foot-diameter propellers and provides a reasonable basis 
of comparison. It is interesting to note in figure 28(a) that the drop in 
effi ciency occurs at a lower value of advance ratio but is more gradual 
f or t he round-ahank propeller than for the NACA 10-(3)(12)-03 propeller, 
whi ch has thinner shanks but thicker outboard blade sections than the 
round-abank propeller. At advance ratios above 3.2 it appears that the 
thicker outboard sections of the NACA 10-(3)(12)-03 propeller may cause 
great er efficiency losses than the thick shank sections of the 
NACA 10-(3) (08)-03R propeller. However, the gain in efficiency of about 
10 percent at an advance ratio of 3.2 (M = 0.54), which may be realized 
by using the thinner blade sections of the NACA 10-(3)(08)-03 propeller, 
should be emphasized. A reduction in blade-aection thickness from 12 to 
8 percent at the 0. 7 radius, or approximately one-third all along the 
radiUS , resulted in gains in efficiency up to 10 percent. A reduction in 
b lade-aecti on thickness of only the inboard blade sections from 30 to 
13 percent at the 0.3 radius also resulted in gains in propeller efficiency 
up to 10 percent. 
Figure 28(b) compares the efficiencies for constant power operation 
of the propellers in the O.045-aolidity group . The differences in effi-
ciency of t he propellers in this group do not amount to more than 4 percent , 
and their efficiencies appear to be about e~ual at the lowest values of 
advance rat io and also at the highest values of advance ratio. The s ingle 
exception i s the propeller which has the thickest shank sections 
(NACA 10-(3)( 062)-045); at the highest value of advance ratio (3.5) t he 
ef ficiency of this propeller is about 2 percent less than the efficiency 
of the other three propellers. The curves in figure 28(0) show that a 
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reduction in blade-section thickness of only the outboard blade sections 
(fram 8 to 5 percent at the 0.7 radius) resulted in gains in propeller 
efficiency up to 4 percent. These improvements in efficiency appear to 
be limited to the range of advance ratio for which the propeller is 
designed. It should be pointed out, however, that the helical-tip Mach 
number of the NACA propellers did not exceed 0.8 for the conditions of 
operation shown in figure 28. 
9 
Figures 29 and 30 have been prepared to emphasize the importance of 
blade-section thickness in the design of propellers to operate at airspeeds 
where the tip Mach numbers are below the critical value. Figure 29 shows 
the effect of airspeed on the difference in efficiency between the 
NACA 1(}....(3) (08)-03 and NACA 1(}....(3) (12)-03 two-blade propellers when oper-
ating at a constant power coefficient of 0.15 and a constant rotational 
speed of 1140 rpmo The thinner blade sections of the NACA 1(}....(3) (08)-03 
propeller effect an increase in efficiency of 10 percent with an increase 
in airspeed from 260 to 420 miles per hour 0 The corresponding change in 
helical-tip Mach number is fram 0.63 to 0.76 as shown in figure 29. 
Figure 30 shows the effect of airspeed on the difference in efficiency 
between the NACA 1(}....(3) (05)-045 and NACA 1(}....(3) (08)-045 two-blade pro-
pellers when operating at a constant power coefficient of 0.15 and a 
constant rotational speed of 1140 rpmo The thinner outboard blade sections 
of the NACA 1(}....(3) (05)-045 propeller effect an increase in efficiency of 
4 percent with an increase in airspeed up to 220 miles per hour, but from 
220 to 460 miles per hour the beneficial effects of the thinner blade 
sections are gradually losto Apparently the thicker outboard blade sections 
of the NACA 1(}....(3) (08)-045 propeller can carry their loads just as effi-
Ciently as the thinner sections of the NACA 10-(3)(05)-045 propeller at 
an airspeed of 460 miles per hour o The helical-tip Mach number at this 
airspeed is only 0 0 8, and it is possible that beneficial effects of the 
thinner blade sections may appear for different radial distributions of 
section Mach number. It should be realized that none of the NACA pro-
pellers was designed to operate at advance ratios as high as 302, other-
wise higher efficiencies might be expected at the higher values of advance 
ratio because of a different pitch distribution. Since the superiority 
of the thinner outboard blade sections appears principally in the range of 
advance ratio for which the propeller was designed, substantial gains in 
efficiency through the use of thinner out9oard blade sections may not be 
realized unless care is used in selecting the radial pitch distribution. 
Effect of thickness ratio and compressibility on propeller charac-
teristics.- The effect of compressibility on the maximum efficiency of 
NACA propellers having different blade-eection thicknesses is shown in 
figure 31 for a blade angle at the 0.75 radius of 450 • Figure 31(a) shows 
that the NACA 1(}....(3) (12)-03 propeller, which has the thickest outboard 
blade sections in the Oo0}-801idity group, suffers the greatest efficiency 
. losses at the higher tip Mach numbers o These losses begin for this pro-
peller at a helical-tip Mach number of about 0 0 825, and the loss amounts 
to 26 percent at a helical-tip Mach number of 1010 The loss in efficiency 
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due to compressibility is more gradual for the RACA lC}-(3) (08}-03R pro-
peller, and the serious 108ses do not begin until a helical-tip Mach number 
of about 0.875 is reached. For this propeller the loss in efficiency due 
to compressibility amounts to about 19 percent at a helical-tip Mach number 
of 1.1. The maximum efficiency of the NACA lC}-(3) (08)-03 propeller, which 
has the thinnest blade section.s in the O.Oy...eolidity group, is about 
2 percent higher than the maximum efficiency of the other two propellers 
in the range of helical-tip Mach numbers below the critical value. The 
cri tical value of tip Mach number is perhaps slightly higher for the 
RACA lc}-( 3) ( 08 )-03 propeller than for the NACA lc}-( 3) (08 )-03R propeller, 
and the loss in maximum efficiency due to compressibility amounts to about 
16 percent at a helical-tip Mach number of 1.1. 
Figure 31(a) shows that a reduction in blade-eection thickness from 
12 to 8 percent at the 0.7 radiUS, or approximately one-third all along 
the radius, resulted in a gain in propeller efficiency of about 12 percent 
at a helical-tip Mach number of 1.1. At thi s same helical-tip Mach number 
a reduction in blade-eection thickness of only the inboard blade-eection.s 
(fram 30 to 13 percent at the 0.3 radius) resulted in a gain in propeller 
efficiency of about 5 percent. 
Figure 31(b) shows the effect of compressibility on the maximum effi-
ciency of the RACA propellers' in the O.04.5-solidity group. Again, the 
propeller having the thickest outboard blade section.s (NACA lc}-( 3) (08 )-045) 
suffers the greatest efficiency losses at the higher tip Mach numbers. 
From a helical-tip Mach number of 0.90 to 1.1 the efficiency loss due to 
compressibility for this propeller amounts to 18 percent. Over this same 
range of helical-tip Mach number the propeller having the thinnest outboard 
blade section.s (NAGA lC}-(3) (05)-045) has a loss in efficiency due to cam-
pressibility of only 9 percent. The RACA lC}-(3) (062)-045 propeller, which 
has the thickest shank section.s, showa a loss in efficiency due to cam-
pressibility of 13 percent at a helical-tip Mach number of 1.1. These 
l osses at the higher tip Mach numbers are more gradual for the 
NACA lC}-(3) (062)-045 propeller than for the NACA 10-(3)(08)-045 propeller, 
which has thinner blade section.s at the s.hank but thicker outboard blade 
sect ion.s. The critical values of helical-tip Mach numbers are approxi-
mat ely the same for all the propellers in the 0.045-s01idity group, and 
the differences in maximum efficiency are -small at tip Mach numbers below 
the critical value. The maximum. effic iency of the RACA lC}-{j) ( 062)-045A 
propeller is the same as for the thinner NACA lc}-( 3) ( 05 )--045 propeller 
except at the lower values of helical-tip Mach number, where the thinner 
blade perhaps has a slight advantage. 
The curves in figure 31(b) show that a reduction in blade-eection 
thickness of only the outboard blade section.s (fram 8 to 5 percent at the 
0.7 radius) resulted in a gain in propeller efficiency of about 12 percent 
at a helical-tip Mach number of 1.1. At this same helical-tip Mach number 
a reduction in blade-eection thickness of only the inboard blade sections 
(fram 16.6 to 13 percent at the 0.3 radius) resulted in a gain in propeller 
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efficiency of about 6 percent. A small reduction in thickness (from 6.2 
to 5 percent at the 0.7 radius) of the blade sections between the sbank 
and the tip had little effect on the maximum propeller efficiency for the 
conditions of operation tested. 
An examination of the thrust and power coefficients of the propellers 
operating when the effects of compressibility are present may provide a 
better understanding of the results. In figure 32 the thrust and power 
coefficients for maximum efficiency are shown plotted against helical-tip 
Mach number for the test propellers at a blade angle of 450 at the 
0.75 radius. It should be realized that the scarcity of data prevents a 
definite establishment of the critical Mach numbers, but the curves in 
figure 32 are show to illustrate the trends indicated by the data. The 
curves are somewhat similar to plots of airfoil lift coefficient against 
Mach number for constant angles of attack and show that increases in thrust 
and power coefficient occur before the critical Mach number is reached. 
The critical Mach number is higher for the propellers having the thinner 
blade sections. After the critical Mach number is reached, there is a 
marked decrease in both thrust and power coefficients up to a helical-tip 
Mach number of approximately 1.0. At this helical-tip Mach number near 1.0 
the power coefficients begin to increase again, and the thrust coefficients 
either level off or, in the case of the thinner blades, begin to increase 
again. These changes in thruSt and power coefficients which occur with 
changes in helical-tip Mach number are, with one exception, less abrupt 
for the propellers having the thicker blade sections. The single exception 
is the NACA 10-(3) (08)-045 propeller which has relatively thin shank 
sections but thick outboard blade sections. The curves in figur~s 31 
and 32 show that the radial distribution of blade-eection thickness ratios 
has a pronounced effect on the characteristics of propellers operating at 
helical-tip Mach numbers above the critical value. 
Any efficiency comparisons of the propellers in the 0.03-Bolidity 
group with those in the O.045-aolidity group to study the effects of thick-
ness ratio will include the effects of solidity; however, these effects 
are small (of the order of 2 percent), and some generalization may be 
permitted despite the variation in solidity. The NACA propellers discussed 
in this paper are closely related, and it may be assumed that the radial 
distribution of camber, solidity, and blade-section thickness is a reason-
able optimum for the better propellers. With the generalization in mind, 
the data for the RACA propellers may serve to indicate the compressibility 
losses to be expected for propellers having various blade-section thickness 
ratios. 
The curves in figure 33 show the variation of maximum propeller effi-
ciency with thickness ratio at the 0.7 radius for constant values of 
helicaL-tip Mach Number. At a helicaL-tip Mach number of 0.9 and air--
stream Mach number of 0.520 the maximum efficiency of a propeller may be 
increased approximately 7 percent by reducing the blade-section thickness 
from 12 to 5 percent at the 0.7 radius. For this Mach number gradient 
along the blade the rate of change,of maximum propeller efficiency with 
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blads-eection thickness is small for thicknesses up to 12 percent at the 
0.7 radius, and figure 33 indicates that reductions in blade-aection 
thickness below 5 percent at the 0., radius will probably increase the 
maximum efficiency very little. However, at a helical-tip Mach number 
of 1.1 and air-stream Mach number of 0.625 the maximum efficiency of a 
propeller may be increased approximately 20 percent by reducing the blad~ 
section thickness from 12 to 5 percent a t the 0.7 radius. For this higher 
Mach number gradient along the blade the rate of change of ma:x:imum. pro-
peller efficiency with blads-eection thickness is greater, and for thick-
nesses between 12 and 8 percent at the 0.7 radius the maximum efficiency 
increases approximately 3 percent for each decrease in thickness of 1 pe~ 
cent at the 0., radius. For thicknesses between 8 and 5 percent at the 
0.7 radius the rate of increase in propelle~ efficiency with reductions 
in blads-eection thickness is smaller. Figure 33 indicates that further 
reductions in thickness may still improve the maximum efficiency of pro-
pellers operating at helical-tip Mach numbers as high as 1.1, particularly 
for conditions of operation where the a1r-etream Mach number is high so 
that large portions of the blades are subjected to the effects of air 
compressibili ty. 
CONCIDSIONS 
An investigation of a series of 10-foot-diameter two-blade NACA pro-
pellers differing in blade-aection thickness has been completed for a 
range of blade angles from 200 to 550 at airspeeds up to 500 miles per hour. 
The results of these investigations have been compared to afford an evalu-
ation of the effects of blads-eection thickness ratios on propeller aero-
dynamic characteristics, and the following conclusions may be drawn: 
1. The envelope efficiencies of all the NACA propellers are high at 
the lower Mach numbers where the adverse effects of compr'essibility are 
small. The higher envelope effiCiencies, however, are attained by the 
propellers having the thinner blade sections. The highest efficiencies 
(about 93 percent at a helical-tip Mach number of 0.9 and 84 percent at a 
helical-tip Mach number of 1.1) reflect the importance of using thin, 
efficient airfoil sections throughout the -blade . 
2. For propeller operation at constant rotational speed (1l40 rpm) 
and power (Cp = 0.15) at helical-tip Mach numbers below 0.8, 
(a) A reduction in blads-eection thickness from 12 to 8 percent at 
the 0.7 radius, or approximately on~third all along the radius, results 
in gains in propeller efficiency up to 10 percent . 
(b) A reduction in blade-£ection thickness of only the inboard blade 
sections (from 30 to 13 percent at the 0 .3 radius) results in gains in 
propeller efficiency up to 10 percent . 
eONFIDENTIAL 
NACA RM L9D29 13 
(c) A reduction in blade-eection thickness of only t he out board blade 
sections (from 8 to 5 percent at the 0.7 radius) results in gains in 
efficiency up to 4 percent. 
3. For operation at a blade angle of 450 at the 0.75 radius and a 
helical-tip Mach number of 1.1 the loss in maximum propeller ef f ic iency due 
to compressibility amounts to 26 percent for the NACA propeller having a 
blade-eection thickness of 12 percent at the 0.7 radius. The corresponding 
loss in ma.ximum propeller efficiency amounts to only 9 percent for the 
NACA propeller having a blade-eection thickness of 5 percent at t he 
0.7 radius. 
4. At a helical-tip Mach number of 0.9 and air-stream Mach number 
of 0.520 the rate of change of maximum propeller efficiency wit h blade-
section thickness is small for thicknesses up to 12 percent at t he 
0.7 radius, and reductions in blade-section thickness below 5 per cent at 
the 0.7 radius will probably increase the maximum efficiency very little. 
5. At a helical-tip Mach number of 1.1 and air-etream Mach number 
of 0.625 the maximum efficiency of a propeller may be incr eased approxi -
mately 20 percent by reducing the blade-eection thickness f rom 12 to 5 per-
cent at the 0.7 radius. For blad&-eection thicknesses between 12 and 
8 percent at the 0.7 radius the maximum efficiency increases approxi-
mately 3 percent for each decrease in thickness of 1 percent at the 
.0.7 radius. For blade-eection thicknesses between 8 and 5 percent at the 
0.7 radius the rate of increase in propeller efficiency wit h reductions 
in blade-eection thickness is smaller, but further reduct ions i n t hickness 
may still improve the marinnzm efficiency of propellers operat i ng at high 
forward speeds with helical-tip Mach numbers as high as 1.1 . 
Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Langley Air Force Base, Va. 
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TABLE I 
RANGE OF BLADE ANGLE AND RarATIONAL SPEED 
FOR NACA PROPELLER TESTS 
Rotational Blade angle at 0.75 radi us, ~ O. 75R Figure speed (deg) (rpm) 
NACA 10-( 3) (062 )-04,5A propeller 
8 1140 20 25 30 35 40 45 50 55 
9 1350 20 25 30 35 40 45 50 10 1500 45 
11 1600 20 25 30 35 40 45 
12 2000 20 25 30 35 
13 2160 20 25 30 14, 15, 16 Varied 4"i 
.;-
NACA 10-{3) (05)-045 propeller 
17 1140 20 25 30 35 40 45 50 55 18 1350 20 25 30 35 40 45 50 
19 1500 45 
20 1600 20 25 30 35 40 45 21 2000 20 25 30 35 22 2160 20 25 30 
23, 24, 25 Varied 45 
NACA 10-(3)(062)-045 propeller (reference 7) 
4 1140 25 30 35 40 45 50 55 
5 1350 20 25 30 35 40 45 50 6 1500 45 
7 1600 20 25 30 35 40 45 8 2000 20 25 30 35 
9 2160 20 25 30 10 Varied 45 
NACA 10-(3)(08)-045 propeller (reference 7) 
11 1140 25 30 35 40 45 50 55 12 1350 20 25 30 35 40 45 50 13 1500 45 14 1600 20 25 30 35 40 45 15 2000 20 25 30 35 16 2160 20 25 30 17 Varied 45 
"" 
. 
"" 
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TABLE I 
RANGE OF BLADE ANGLE AND ROTATIONAL SPEED 
FOR NACA PROPELLER TESTS - Concluded 
Rotational 
Blade angle at 0.75 radius, ~0.75R FigUre speed 
(rpm) (deg) 
NACA 10-(3)(08)-03 propeller (reference 3) 
19 ll40 30 35 40 45 50 55 
20 1350 , 20 25 30 35 40 45 50 
21 1500 45 
22 1600 20 25 30 35 40 45 
23 2000 20 25 30 35 
24 2160 20 25 30 
25 Varied 45 
NACA 10-(3) (08)-03R propeller (reference 5) 
3 ll40 35 40 45 50 55 
4 1350 20 25 30 35 40 45 50 
8 1500 45 
5 1600 20 25 30 35 40 45 
6 2000 20 25 30 35 
7 2160 20 25 30 
9, 10 Varied 45 50 
NACA 10-(3)(12)-03 propeller (reference 8) 
-
2 ll40 25 30 , 35 40 45 50 55 
3 1350 20 25 30 35 40 45 50 
4 1500 45 
5 1600 20 25 30 , 35 40 45 
6 2000 20 25 30 35 
7 2160 20 25 30 
8 Varied 45 
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Figure 1 .- Propeller dynamometer in test section with tunnel open. 
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Figure 2.- Propeller dynamometer in test section with tunnel closed . 
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Figure 3.- Configuration of 2000-horsepower dynamometer for tests of propellers in the Langley l6-foot 
high-speed tunnel. 
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Figure 4.- Blade- form curves for NACA propellers having a solidity 
of 0.03 per blade at the 0. 7 radius. 
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( b) Blade sections at 0.7 radius. 
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Figure 5.- Comparison of blade sections at two radii for NACA propellers having a solidity 
of 0 . 03 per blade at the 0.7 radius. 
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Figure 6.- Blade-form curves for NACA propellers having a solidity 
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(b) Blade sections at 0 .7 radius. 
Figure 7.- Comparison of blade sections at two radii for NACA propellers having a solidity 
of 0 . 045 per blade at the 0.7 radius. 
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(a) Thrust coefficient. 
Figure 8.- Characterist ics of NACA 10-(3)(062)-045A propeller. Rotational speed, 1140 rpm. 
NFIDENTIAL.l 
& 
ID 
0\ 
~ Q 
:x> 
~ 
~ 
ID 
\0 
~ .£:\ 1 Til. 11 I i 11 1 1· 1 I I T I F'UIJt tiLl CI) 
~ . '6ttttltl ·l lqI II11ttttl""l litJ;!l l:qIIIUI" I1iJ:I:!l l lqql l,q 1 :~~f:-fff Hrrt1i$ll "% rn 'I"I ";I:: !q "I~ I ""I~"I! 
( b) Power coefficient . 
Wigure 8.- Continued . Rot ational speed, 1140 rpm. " 
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Figure 8.- Concluded. Rotational speed, 1140 rpm. 
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(a) Thrust coef ficient. 
Figure 9.- Characteristics of NACA 10-(3) (062)-045A propeller. Rotational speed, 1350 rpm. 
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Figure 9.- Continued. Rotational speed, 1350 rpm. 
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Figure 9.- Concluded. Rotational speed, 1350 rpm. 
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Figure 10.- Concluded. Rotational speed, 1500 rpm. 
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Figure 11.- Characteristics of NACA 10-(3) (062)-045A propeller. Rotational speed, 1600 rpm. 
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Figure 11.- Continued. Rotational speed, 1600 rpm. 
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Figure 11.- Conclud~d. Rotat i onal speed, 1600 rpm. 
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Figure 12.- Characteristics of NACA 10-( 3) (062)-045A propeller. 
Rotational s peed, 2000 rpm. 
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Figure 12.- Continued . Rotational speed, 2000 rpm. 
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F igure 13. - Charact.eristics of NACA 10-( 3) (062)....o45A propeller . 
Rotat ional s peed, 2160 rpm. 
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Figure 13.- Continued. Rotational speed, 2160 rpm. 
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Figure 13.- Concluded. Rotational speed> 2160 rpm. 
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Figure 14.- Characteristics of NACA 10-(3) (062)-045A propeller at high 
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Figure 18.- Characteristics of NACA 10-{3) (05)-045 propeller. Rotational speed, 1350 rpm. 
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Figure 19.- Characteristics of NACA 10-(3)(05)-045 propeller. 
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Figure 20.- Characteristics of NACA 10-(3)(05)-045 propeller. Rotational speed, 1600 rpm. 
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Figure 22 .- Characteristics of NACA 10-(3)(05)-045 propoller. 
Rotational speed, 2160 rpm. 
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Figure 28.- The efficiency of NACA propellers having different b1ade-eection thicknesses when 
operating at a constant power coefficient of 0.15 and a rotational speed of 1140 rpm. 
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different blade-eect~~n thicknesses. ~O.75R = 45°. 
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